Eye lenses were collected from black-tailed prairie dogs (Cynomys ludovicianus) in Billings Co., North Dakota, in 1977, and fixed in 5% formalin. Lenses were dried at 95°C for ca. 96 h to a constant weight and weighed to the nearest 0.2 mg. Eye-lens weight of young increased rapidly during their 1 st summer of life, but increases in weight tapered off in older age classes. Young were readily discernible from yearlings, and yearlings from 2-yearolds. Two-year-olds were sometimes difficult to distinguish from older animals. Mean weight of eye lenses for males was slightly heavier than that for females in all age classes, but significantly so only in yearlings. Using weight of eye lenses was a reliable technique for aging young during their 1st summer of life and for separating young, yearlings, and 2-year-olds. For older prairie dogs, we suggest using other aging methods in conjunction with weight of eye lenses.
All species of prairie dogs are currently declining for many reasons, including habitat fragmentation, shooting, changing land use, and previous poisoning campaigns. Any information that could contribute to the understanding of age structure and population dynamics is potentially valuable for managing prairie dogs. The management of prairie dog colonies currently is receiving renewed interest because of the potential habitat these colonies provide for the reintroduction of endangered black-footed ferrets (Mustela nigripes) . As the number of prairie dogs decreases, the potential for successful reintroduction of ferrets decreases. Thus, prairie dogs are important animals to study for a variety of reasons. This paper documents and evaluates weight of eye lenses as an indicator of age. Specifically, we tested two hypotheses: that the dry eyelens weight of black-tailed prairie dogs increases with age; that animals can be grouped into age classes of yearly increments using dry weights of eye lenses.
MATERIALS AND METHODS
As part of a larger study on populations of Cynomys ludovicianus (Stockrahm, 1979; Stockrahm and Seab100m 1988, 1990) , 469 specimens were collected from four prairie dog towns in Billings Co., North Dakota, from 29 May to 26 July 1977 (Town 1, 46°55'N, 103°36'W; Town 2, 46°54'N, 103°35'W; Town 3, 46°58'N, 103°20'W; Town 4, 46°58'N, 103°22'W).
Specimens were collected with Conibear traps or by shooting. The left eyeball of each animal was removed and preserved in 5% formalin. If the left eyeball was damaged, the right was preserved. A total of 431 eye lenses was used in this study because some lenses could not be used due to loss or damage.
A modification of Lord's technique (Lord, 1959) was used to determine the dry weight of lenses. The fixed lenses were removed from the preserved eyeballs within ca. 12 months and dried at 95°C until they reached a constant weight, usually requiring ca. 96 h. Lenses were removed singly from the oven and weighed to the nearest 0.2 mg on a precision balance.
To verify the accuracy of aging prairie dogs by weight of eye lenses, animals also were placed into age categories using epiphyseal closure of the humerus, tooth wear, tooth eruption, annuli of tooth cementum, ossification of skull sutures, and skull dimensions (Sorenson et al., 1992; Stockrahm, 1979; Stockrahm and Seabloom, 1990) . Young were aged with 100% accuracy because of tooth-eruption patterns and replacement of deciduous teeth with permanent ones (Stockrahm, 1979; Stockrahm and Seabloom, 1990 ). Yearlings were readily separated from older animals by skull measurements and degree of epiphyseal closure because the differences usually were quite pronounced. We believe that our aging accuracy for yearlings approached 100%, but quantification of our rate of error was impossible because animals were of unknown age. Yearlings were further verified by comparison with humeri of known age obtained from the study by Pfeiffer (1972) in South Dakota. Furthermore, five live young (included in the 469 total) were captured in this study and raised in captivity over a span of 8 years. For four of these latter animals, skulls, humeri, and, in three instances, eyeballs were preserved at the time of death. Constraints on storage at the time of death required that several of the captive animals had to be initially frozen and the eyeballs later fixed in 5% formalin. Additionally, lenses from captive animals were stored in formalin for somewhat > 1 year.
Based on the above information and comparisons with known-age animals, age groups of young and yearlings and their corresponding weights of eye lenses were known. Two-yearolds usually were discernible from yearlings using a combination of the previously discussed methods. Two-year-olds, however, were more difficult to differentiate from animals >2 years of age using features of the skull or humerus.
For data analysis, we considered young to be 43 days old at first emergence from the natal burrow (Hoogland, 1985) and that 29 May was the 1 st day after initial emergence. The ages of older animals in days were determined in the same way, except that 365 days were added for each additional 1 year of life. For graphing separate age groups, all weights of eye lenses from prairie dogs captured within 10-day spans were averaged. Several extra days had to be added to the first and last lO-day spans because our number of capture days was not evenly divisible by 10. Therefore, the graphs depict mean weights oflenses for animals 44-59, 60-69, 70-79, 80-89 , and 90-101 days of age.
RESULTS
Frequency of prairie dogs versus the measured dry weight (mg) of eye lenses corresponded roughly to a series of three overlapping curves, as would be expected in a species with discreet age groups (Fig.  1) . The first and second curves corresponded to the young and yearling age groups, respectively. The third peak indicated an obvious distinction between the heaviest weights for eye lenses of yearlings and the lightest weights for 2-year-olds. Older age groups evidenced by further divisions in the histogram were not obvious. Therefore, we relied mainly on features of skulls, teeth, and humeri to separate 2-year-olds from 3-year-olds. Using these latter methods, many weights of eye lenses could be categorized as being from 2-year-olds with a high degree of certainty, thereby providing a known 2-year-old age class. Some animals were obviously ;:::3 years old, again based on the other methods mentioned pre- -Frequency of weights of eye lenses for black-tailed prairie dogs for different age classes. Ageclass 2-3 corresponds to those animals that could not clearly be placed into either the 2-year-old or 3-year-old age class. Eye lenses were collected from study sites in Billings Co., North Dakota, in 1977.
Graphing software grouped data such that 5 = 4.1-5.0 mg, 6 = 5.1-6.0 mg, 7 = 6.1-7.0 mg, etc.
viously. For simplicity, the animals that were ~3 years old were designated as 3-year-olds. These animals were probably not much older than 3 years of age because the heaviest recorded weight of eye lens for our collected animals was only 22.4 mg for a ~3-year-old female, whereas 2-year-olds ranged to 21.0 mg (Table 1) . Eye-lens weights from two of the captive-raised prairie dogs indicated that lenses seem to gain ca. 1 mg/year for each year after age 3 years, but our sample was too small for a conclusive answer. One captive-raised male (age, 7 years, 164 days) had lens weights of 29.0 and 28.0 mg; one female (age, 8 years, 4 days) had a lens weight of 28.2 mg (the other lens was damaged).
Nine animals (one male, eight females) had measurements and features intermediate between those categorized as 2-or 3-yearolds and could not be accurately aged using any combination of aging methods. Thus, we have an obscure age class of nine animals that we will hereafter refer to as the 2-3-year age class. In the following analyses, this 2-3-year age class was not included when comparisons were made between specific age classes. This group was included whenever all adults (i.e., all animals ~2 years) were combined for analyses. Another histogram with males distinguished from females indicated that both sexes displayed the same pattern of the three overlapping curves (Fig. 2) . This indicated that males and females were distributed evenly across the range of values for Young were categorized according to age in days, using averages spanning 10 days (Fig. 3) . Weight of eye lenses increased rapidly throughout the 1st summer of life for both sexes. Lenses of female young averaged 5.5 mg (SE = 0.3, n = 9) at ::559-days-of-age and rose to a mean of 9.5 mg (SE = 0.2, n = 30) by 2:90-days-of-age.
Corresponding mean weights for lenses of young males were 6.4 mg (SE = 0.2, n = 11) and 10.1 mg (SE = 0.1, n = 29), respectively.
Weights of eye lenses of age classes older than young also were plotted using the lO-day-span averages (Fig. 3) . For purposes of visual comparison, successive age classes were plotted above each other on the same graph (Fig. 3) , again noting that an additional 365 days must be added to each successive age class older than young. In contrast to the rapid increase in lens weight of young, the increase in weight for the other age classes during summer was minimal. The lens weight of a captive-raised yearling female (age, 1 year, 117 days) was 14.1 mg (the other lens was damaged), which corresponded nearly perfectly with our graph for late-summer yearlings (Fig. 3) . Although all lines corresponding to the different age classes were quite distinct (Fig.  3) , and the young and yearling age classes were known with 100% accuracy, we wanted to determine if we could detect where one age class ended and the next began based on weight of eye lenses alone. Therefore, we compared the oldest young with the youngest yearlings, the oldest yearlings with the youngest 2-year-olds, and the oldest 2-year-olds with the youngest known 3-year-olds (Fig. 3) . Mean weight of eye lens of oldest young (2:90 days) was significantly different from that of the youn- d.f = 25, P < 0.010). The 2-3-year-olds and the captive-raised animals were not included in this analysis.
Slight sexual dimorphism was evident in all age groups with eye-lens weights of males being somewhat heavier than those of females (Table 1) . Nonetheless, when averages within each age class were compared, only the yearling age class showed a significant difference between males and females (t = 2.03, d.f = 149, P < 0.050; Table 1 ).
To approximate the amount of error associated with using only dry weight of eye lenses to age black-tailed prairie dogs, we subjected our dataset to a nearest-neighbor discriminant analysis (SAS Institute, Inc. , 1989) . We used prior probabilities of being in a particular age class to predict the posterior probability of being classified into a particular age class. We ran a separate model for males and females because of the slight sexual dimorphism and the lower proportions of males in the older age classes. Weights of eye lenses from the 431 animals were entered along with the age that we believed each animal to be. The generated model was then used to place each animal into a specific-year age group based only on eye-lens weight. The model indicated that 98.9 (n = 93), 98.7 (n = 78), 95 .6 (n = 23), and 100% (n = 2) of the males had been classified correctly into young, l-year-old, 2-year-old, and 3-yearold age classes, respectively. Although the lone male in the 2-3-year age class was again classified into the intermediate 2-3-year age class and not reclassified into either the 2-year-old class or the 3-year-old for each age class older than young). Age-class 2-3 corresponds to those animals that could not clearly be placed into either the 2-year-old or 3-year-old age class. For each lO-day mean, SE ~0.2 for young, SE ~0.3 for yearlings, SE ~0.6 for 2-year-olds, SE ~0.2 for 2-3-year-olds, and SE ~1.4 for 3-year-olds. Eye lenses were collected from study sites in Billings Co., North Dakota, in 1977. class, the small sample probably rendered this particular portion of the model suspect.
The corresponding values for the females were 99.0 (n = 97), 94.5 (n = 73), 91.8 (n = 49), and 42.9% (n = 7) correctly classified for young, 1-year-old, 2-year-old, and 3-year-old age classes, respectively. Of the eight animals we classified as being in the 2-3-year age class, the model reclassified one animal into the 2-year-old age class, kept four animals in the 2-3-year age class, and, for three animals, gave equal probabilities that the animals could be in two different age groups (Le., two animals were between the 2-3-year-olds and the 3-yearolds; one animal was between the 2-yearolds and the 2-3-year-olds).
To approximate the amount of error associated with placing prairie dogs into the lO-day age groups within each yearly age class based on weight of eye lenses alone, we again used a nearest-neighbor discriminant analysis (SAS Institute, Inc., 1989) as described previously. The model separated the young age class into 10-day age groups fairly well. The model indicated that 81.8 44-59, 60-69, 70-79, 80-89, and 90-101 days, respectively. The corresponding values for the female young being correctly classified into the same age groups were 77.8 (n = 9), 60.0 (n = 15), 79.0 (n = 19),33.3 (n = 24), and 73.3% (n = 30), respectively. For the older age classes, the generated models often were poor for separating the 10-day age groups. The percentage of animals classified into the correct age group often dropped below 50% and a reliable model could not be generated due to small samples in some age groups of 10 days.
DISCUSSION
Aging black-tailed prairie dogs by dry weight of eye lenses seems to be a relatively reliable aging technique, especially for separating young and 1-year-old age classes. Because the growth curve for young during their 1 st summer of life was distinct from that of the other age groups (Fig. 3) , the technique has the potential to be especially useful for pinpointing age in days of young in future studies. The nearestneighbor discriminant analysis indicated that young could be separated from other age groups with accuracy approaching 99% for both males and females, with accuracy for separating yearlings from other age groups approaching nearly this level. Furthermore, discriminant analysis indicated that young could be separated fairly accurately into age groups of 10 days, probably due to the young growing rapidly during their 1 st summer.
Most of the animals we originally classified as 2-year-olds also were classified by the model as being in the same age group. The older animals that we had difficulty placing into an age group by using any of their skull or humeri features (i.e., 2-3-year-olds) also posed problems for the nearest-neighbor discriminant model. This indicated that eye-lens weight should not be used alone to age animals >2 years old. The model seemed to separate the age classes of males with slightly more accuracy than it did for the age classes of females; however, the samples were small in the older age classes.
Although weight of eye lenses has been used in determination of age in a wide variety of animals (Friend, 1967 (Friend, , 1968 Morris, 1972) , this technique often is more useful in aging young animals because the growth curve levels off and the differentiation of older age classes is too vague. Dudzinski and Mykytowycz (1961) reported that Australian wild rabbits (Oryctolagus cuniculus) could be aged by this method up to 150 days old when the curve leveled off. Rongstad (1966) noted considerable variation within age classes of eastern cottontails (Sylvilagus floridanus), and the method was useful only for separating young-of-theyear from adults. Nuckle and Bergeron (1983) reported that confidence limits overlapped in age classes 2:24 months in woodchucks (Marmota monax).
In our study, the tendency of the eye lens to grow rapidly during the 1 st several months of life was evident. Although this growth slowed markedly with age, differences between young, yearlings, and 2-year-olds were evident. After the animal reaches 2 years of age, a combination of eye-lens weight and another aging method might be more effective in determining age. The resulting overlap between 2-and 3-year-olds might have occurred because the samples of animals >2 years of age was small, especially for males. The biological significance of being able to separate 3-year-olds from other age groups by weight of eye lenses probably is minimal because few animals seem to reach this age in nature (Stockrahm, 1979) .
Although we noted a slight sexual dimorphism in eye-lens weight, with weights of males slightly heavier, the difference was not pronounced. The difference was significant only in yearlings, and the t-value was small (t = 2.03). Because of the minimal amount of difference between the genders, we grouped our data for most analyses.
Generally, sexual dimorphism in weight of eye lenses seldom has been addressed.
To use data to construct a discriminant model and then to use the same data to determine how well the model works to separate the classes as we did here is not optimal. Ideally, a dataset of known-age animals would be used to generate the model, and then this model would be used to classify animals of unknown age. Although weights of eye lenses from our captive animals and features of their skulls and humeri generally agreed with or supplemented our findings from unknown-age, wildcaught prairie dogs, samples were small and effects of an artificial diet on eye-lens weight and bone development are not known. Until a set of known-age data of eye-lens weights exists, the information presented here is the closest approximation to an aging model using eye-lens weights that exists.
